Developmental stability of the community of striped dolphins, Stenella coeruleoalba (Meyen, 1833), that died during the Mediterranean epizootic of 1990 was compared with that of the population prior to and after the epizootic, to assess whether animals that died were the developmentally less stable individuals in the population. Significantly higher levels of fluctuating asymmetry (FA) were found in those individuals that died. Tissue levels of organochlorine pesticide residues and PCBs were determined and the correlation between contaminant concentration and FA was tested. KO correlations were found between the contaminant level and FA.
Die-ofi of marina mammals
In recent years die-offs have occurred in populations of marine mammals. These include the harbour seal Phoca vitulina (Linnaeus, 1758) in the North Sea in 1988 (Dictz, Heide-Jmgensen & Harkonen, 1989) , the bottlenose dolphin, T~s i o p s truncatu :hlontagu, 1821) in the Mediterranean in 1987 and the striped dolphin, Stenella uierul~oalba (hleyen, 1833) in the Mediterranean in 1990. A morbillivirus seems to ha\-e been the primary cause, while other environmental factors may have been contributory factors (Aguilar & Raga, 1993) . A generally poor state of health might have existed in the striped dolphin population prior to 1990, and made the individuals more \ulnerable to infections. When diseases hit populations of animals it is generally cxpectcd that less fit individuals are mostly affected. We suspect that the less fit striped dolphins were more vulnerable to the complications of the virus infection l~ccause of a higher level of infections prior to the epizootic. It has been suggestcd that cxposure to PCB contaminants may have had an adverse effect on the defence against xrirus infections (Aguilar & Borrel, 1994) . The epidemic appears to ha\:e startcd in the coast off Valencia in July 1990, spreading to southern France and the Italian Riviera in September (Aguilar & Raga, 1993; Podesta et al., 1992) .
Pollulion and epidemics as stress factors and their impact on developmental stabiliLy
Pollution and epidemics are environmental stress factors. Stresses of environmental and genetic origin affect developmental processes, as reflected in reduced dc-1,elopmental stability (Leary & Allendorf, 1989) . Developmental stability (DS) reflects the rthility of an individual 10 buffer its development against disturbance. Stress makes thc individual less able to develop a predetermined phenotype (Illdler 8r Sxvaddle, 1997) . DS is generally high in individuals of natural populations not subject t o considcrable genetic or environmental stress (Moller & Swaddle, 1997) .
In pinnipeds, xenobiotics are known to cause abnormal skeletal development (Zakharov & Yablokov, 1990) . Since many cetaceans have a similar lifestyle and diet to pinnipeds, they should be similarly vulnerable. A common method for cstiniating the degree of DS is to measure fluctuating asymmetry (FA). FA occurs \\.hen an individual fails to develop identical bilateral symmetrical traits (Palmer & Strobeck, 1986) .
One of the aims of this paper is to discover whether there is a correlation between FAA and the concentrations of PCBs and DDT and their metabolites (DDE, DDD).
l \ e measured the concentrations of these contaminants in the tissues of some of the in\.cstigated cetaceans. FA of the skulls was measured to check whether the cetaceans that became stranded during the die-off had a lower level of developmental stabiliit), (reflected in a higher level of' FA) M-hen compared to those individuals found dead before and after the epizootic.
Ilzrertzonal agimmetry
The skull of the striped dolphin is strongly skewed on the right side, i.e. its skull h o \ \ x directional asymmetry (DA). DA occurs whenever mean left-right character \ dues have d normal distribution, with a mean value deviating from zero. 'The striped dolphin belongs to the sub-order Odontoceta, in which asymmetrical structures hare e\*ohed i n a wide variety of taxa (Ne\Jille, 1976) . The Odontocetes are the onl) mammals, living as well as extinct, in which cranial asymmctr): is the normal condition (Bourdclle & Grasstt, 1955) . Debate continues concerning the reliability of DA as a measure of DS (McKenzie & O'Farrell, 1993) but we decided to use it in this investigation.
illethods of collection and age detrrminntzan
The striped dolphins were collected between 1990 and 1994. Skulls or complete skeletons are preserved in the Natural History Museums of Milano, Genova, Livorno, Pisa and Firenze. When possible, the individuals were sexed and aged. Individuals wcrc considered young if less than 3 years or old if more than 3 years (when the skull is fully grown). The time of collection was divided into three periods: period 1 (pre-epizootic, 1980-1989) , when the major part of the individuals collected had drowned in fish traps (36 specimens, 28 accidentally netted by fishermen and 8 found stranded); period 2 (epizootic, 1990) when all the individuals collected were found stranded on the Italian Riviera (27 specimens), and period 3 (post-epizootic, 1991-1994) where the individuals collected were found stranded on the Italian Kiviera and in the northern part of the Tirrenian (57 specimens). There is no evidence for local genetic differentiation of the specimens found stranded in the different localities (Archer, 1996) .
Choice of traits
The traits were measured with a digital calliper to the nearest 0.01 mm, with the exception of traits 1, 2 and 6, tvhich were measured to the nearest 0.1 mm. The traits measured, following Perrin's (1 975) nomemclature, were: trait 1 : postorbital process-junction between the nasals, i.entral end of the internasal suture (sutura internasalis); trait 2: temporal fossa; trait 3: (Perrin's #2) hindmost limit of antorbital notch-interior limit of the premaxillary; trait 4: (Perrin's #26) length of antorbital process of left lacrimal; trait 5: (Perrin' s #40) length of mandibular fossa, measured to mesial rim of internal surface of condyle; trait 6: (Perrin's #38) greatest length of ramus; trait 7: greatest distance between the 2nd and 1 1 th tooth; trait 8: greatest distance between the 12th and 22nd tooth; trait 9: (Perrin's #39) height of ramus.
Fluctuating asjmmet9, statistical anabsis and indices used
The magnitude of asymmetry was estimated from the difference in lengh between each bilateral pair as right minus left (r-1). To reduce the measurement error, all measurements were replicated three times, and the median of the three measures was chosen, as this method produces a more representative measure than the arithmetic mean if the distribution of measurements is asymmetric (Zar, 1984) . No measurements were attempted on broken or worn parts of the skulls; therefore, some skulls have missing values. A two-way ANOVA was conducted to test for the significance of FA relative to measurement error and for detecting the presence of DA (following Palmer & Strobeck, 1986) . All the traits, in which the difference between right and left size deviated significantly from zero, were considered as traits which have a natural component of DA. FA in these traits was calculated in two different ways: as the absolute value of the residuals of a regression of the left and right traits, and as the variance of (r -1) of each trait. We also calculated the mean values of FA\ for all the traits (the sum of the absolute values of FA of every traits di\,ided the number of traits considered). FA in the traits which did not sho\t-D.4 u.as calculated as the 1,ariance of (r-1), as the absolute value of FA arid the mean \-;dues of FiI for all the traits was calculated. Departures from normality of (r-11 for racli trait \t-ere tested on all individuals, with a Kolmogorov-Smirno\. test (Zar. 1981!. Difference of the degree of FA between sexes (with the age groups pooled! and between age groups (with sexes pooled) were compared with an F-test. For thew two tests ~t -e considered only the individuals collected in period 2. For testirig \\herher there is a dependence of FA on trait size, and for testing whether FXs and the mean FAs (or the absolute \.slues of the residuals in those traits which shomd D:I) on different traits were correlated with each other, we used a Spearman's rank ttist. \\'e again considered only the individuals collected in period 2.
Fluctuating acvmmetqi in the three periodr of collection .1 L e \ e n c '~ tes; was conducted for all traits to test whether absolute FA \\as siqnificantlj different during the three periods of collection. As the ahsolute 1 alucs of F.1 are half-normally distributed we also performed a Kruskal-TZ'allis one-\\ a)
non-parametric analysis of variance (Zar, 1984) The homogeneity of I ariances of the traits' FA in the three periods of collection were checked with a &,,-test lfultiple comparison tests were made 7.1. ith a Scheffi: F-test, for comparing the differences between the periods of collection. An F-test was conducted fix e\ erk tr 'tit to test if the variance of (r -1) was significantly different during the three periods ot collection.
O'oncc~ation of contaminants and correlation with juctuating aJynzmrt9
The muscle, brain, liver and fat tissues of 20 individuals (13 males and 7 females, collected between 1989 and 1994) of the striped dolphin were analysed for thc follov.ing contaminants: pfiDDE, opDDE, ppDDD, opDDD, total DDT and HCB. . [lie PCB congeners: 153, 187, 183, 180, 170, 196, 201, 194, 195, 95, 101, 99, 131. 146. 178, 128, 174, 177, 199, 206, 138 , the sum of all the congeners. PCBmixI i 144 + 135), PCBmix2 (149 + 1 IS), PCBmix3 (PCB 156 + 17 1 + 202) and the ratio: p,hDDE/ppDDT which was used to estimate the exposure time of the individuals to the pesticides (Podesta et al., 1992) . A Spearman's rank correlation test \vas used for measuring thc association between the concentration of contaminants in each dolphin's tissues and the absolute FA Lralues of its skull (tests performed both lvith pooled and separated sexes). A Bonferroni test (Rice, 1989 ) was applied to a\,oid significant results arising as a consequence of a large number of related tests. 
Directional asymmetry
For metric traits the two-way ANOVA used to test for significance of FA relative to measurement error was also used to test for DA. The two-way ANOVA (sides x individuals) showed that there was highly significant DA in traits 1 , 2 and 4 ( 9 2 I F I 3 7 9 , P<O.OOl). In all other traits there was no significant directional asymmetry (0.00 1 I F I 6.06, 0.29 I P I 1). As a consequence the analysis of traits 1, 2 and 4 was treated separately from the other traits.
Statistical anabsis ofjuctuating asymmetry
No traits showed differences in the degree of FA between the two sexes at the 0.05 level (1.04 I F I 6.63, 4 I n I 16, 0.06 I P I 0.74). The F-test on sex differences could not be performed on traits 5, 6 and 9 because of the abscnce of sufficient data. No traits showed differences in the degree of FA among the two age groups at the 0.05 level (1 5 F I 15.35, 2 1 n I 9 , 0.07 2 P 5 0 . 8 1 ) . The F-test on age differences could not be performed on trait 6 because of the absence of sufficient data. Therefore, because there was no evidence of differences in the degree of FA among age and sex groups, both sexes and age classes were pooled together in the following analysis. Individuals of unknown sex and age were included in the analysis.
There was no evidence to prove antisymmetry, and deviations from normal distributions were not significant at the 0. 
Fluctuating asymmetry dferences in the three periods of collection
The Levene's tests were significant for all the traits with the exception of trait 6 and the traits with a natural component of DA (traits 1, 2 and 4) (see Table 1 ). If we had excluded all the significant results where the &,,-test was significant (indicating that the required condition of the homogeneity of variance for performing an ANOVA analysis was not met), we would obtain only two significant results (traits 3 and 7). However, the one-way non-parametric analysis of variance (KruskalWallis test) was significant for the FA of all traits with the exception of trait 6 (Table  1) in complete concordance with the result obtained performing the test. Period 3 was characterized by generally increased DS, compared with periods 1 and 2 (Fig. 1, Tables 1, 2 ). Those traits without a natural component of DA showed significantly higher levels of FA in period 1 than period 2 samples and the individuals collected during period 2 showed a significantly higher l e d of FA with respect to both the other periods. The traits with a natural component of DA did not follow that pattern (Table 2) , with only one exception: a significant reduction of the variance in the period 3 compared with the period 2 sample of the variance of trait 1 residuals. 
Fluctuating agmmetry and concentrations of contaminants

DISCUSSION
Fluctuating asymmety and the concentrations of contaminants
We do not report or discuss differences in PCB levels between samples collected in the different periods, as sample sizes were too low to draw general conclusions. However, in two previous investigations (Apilar & Raga, 1993; Aguilar & Borrel, 1994) it was found that tissues of dolphins stranded during period 2 showed significantly higher levels of all xenobiotic compounds than tissues from dolphins stranded in period 1. The lack of a general correlation between FA of the traits and the contaminant concentrations can have several explanations. Concentrations of PCBs in dolphins are dependent on age, sex and reproductive status. In mammals, organochlorines are transferred from mother to cub in the lipid content of the milk (Tanabe et al., 1982) . However, when we excluded females from our investigation we still did not find any correlation. It could also be that different individuals' genotypes have a different susceptibility to the organochlorines. Thus we may not expect a correlation between FA and organochlorines. Additionally, most individuals came from the period 2 sample and therefore had high levels of FA. Another factor which could have obscured the correlation between preservation of the stranded specimens, as significant losses of CHs have been reported in relation to the state of putrefaction of specimens (Borrel & Aguilar, 1990) .
Fluctuating asymmety in the three periods of collection
The sample from period 3 was characterized by increased level of DS (lowered FA), compared with that of period 1, while the sample from period 2 showed a significantly reduced level of DS (increased FA), compared with most of the other periods. The absence of correlations between FA (and mean FA) of traits with a natural component of DA and FA (and mean FA) of all the other traits, could reinforce the hypothesis that traits with DA are unsuitable for monitoring developmental instability. In fact, those traits which in this investigation have shown to have a natural component of DA did not show any pattern or correlations (only one significant result, see Table 2 ). Hence, this investigation suggests that less developmentally stable individuals are more susceptible to diseases and infections.
In conclusion, it seems that epizooics have a 'purging' effect on natural populations, particularly for species without natural predators or which are top predators. However, thresholds for the outbreak of epidemics may depend on environmental factors such as pollution.
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